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(57) ABSTRACT

This document discusses, among other things, security mea-
sures for shielding or protecting data or sensitive signals on an
integrated circuit (IC). The systems and methods disclosed
herein can allow erasing sensitive data when access is not
locked, locking out access to sensitive data during normal
operations through both indirect and direct means, and shield-
ing sensitive signals from invasive probing or manipulation.
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1
SECURITY MEASURES FOR DATA
PROTECTION

CLAIM OF PRIORITY

This application claims the benefit of priority under 35
U.S.C. §119(e) of U.S. Provisional Patent Application Ser.
No. 61/729,221, titled “SECURITY MEASURES FOR
DATA PROTECTION,” filed on Nov. 21, 2012, which is
incorporated by reference herein in its entirety.

BACKGROUND

Many electronic devices have non-volatile memory
(NVM) configured to store sensitive data. For example, to
encrypt and decrypt data out and into the electronic device, an
encryption key must be known, and in most cases, stored in
memory. If read or write access is permitted to that memory
location, the key could be read, allowing decryption of data
going into or coming out of the electronic device, or rewritten,
disabling encrypted communication to or from the electronic
device.

OVERVIEW

This document discusses, among other things, security
measures for shielding or protecting data or sensitive signals
on an integrated circuit (IC). The systems and methods dis-
closed herein can allow erasing sensitive data when access is
not locked, locking out access to sensitive data during normal
operations through both indirect and direct means, and shield-
ing sensitive signals from invasive probing or manipulation
the integrated circuit.

This section is intended to provide an overview of subject
matter of the present patent application. It is not intended to
provide an exclusive or exhaustive explanation of the inven-
tion. The detailed description is included to provide further
information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components in different
views. Like numerals having different letter suffixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

FIG. 1 illustrates generally an example flow diagram illus-
trating non-volatile memory (NVM) lockout protection.

FIGS. 2-3 illustrate generally example lockout word loca-
tions.

FIG. 4 illustrates generally example ring oscillator opera-
tion.

FIG. 5 illustrates generally example auto-refresh of NVM
locations.

FIG. 6 illustrates generally example metal shielding.

FIG. 7 illustrates generally an example computer system.

DETAILED DESCRIPTION

The present inventors have recognized, among other
things, security measures for shielding or protecting data or
sensitive signals on an integrated circuit (IC). The systems
and methods disclosed herein can allow erasing sensitive data
when access is not locked, locking out access to sensitive data
during normal operations through both indirect and direct
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means, and shielding sensitive signals from invasive probing
or manipulation the integrated circuit.

Multiple lockout words for NVM accesses can be saved in
NVM. The lockout words can be used to prevent access from
external interfaces to protected memory, allow access to inter-
nal logic that requires access for normal operation, and allow
access for test modes until set. The lockout words can be
selected based on one or more of a use model of a test pro-
gram, fabrication uninitialized values, or compliments of
each other. The location of the lockout words can be selected
based on one or more of the same bit locations in a memory
output port or the location of protected data.

FIG. 1 illustrates generally an example flow diagram 100
illustrating non-volatile memory (NVM) lockout protection.
At 101, process starts with power-up or reset. In an example,
any exit from logic can reset conditions, such as a rising edge
of'internal power, a software reset, or one or more other reset
condition. At 102, the word NvmTstDoneWord in NVM is
read. At 103, if an error is found during the read, an interrupt
can be generated. I[fa single-bit error is detected, the word can
be automatically refreshed.

If, at 104, the NvmTstDoneWord is a specific value (e.g., a
first lockout word, such as 0x3333, etc.), at 105, bit NvmT-
stDone can be set to 1 and all write access to NvimTstDone-
Word can be blocked. If, at 104, the NvmTstDoneWord is not
the specific value, at 106, bit NvmTstDone can be set to 0 and
process can continue.

At 107, the word EncProtWord in NVM is read. At 108, if
the read is a success (e.g., no errors found), and process can
continue. If, at 109, the EncProtWord is a specific value (e.g.,
a second lockout word, such as Oxccec (complement of the
first lockout word), etc.), at 110, protected data writes and
reads are blocked, EncProtWord writes are blocked, but all
other internal operations are allowed to read and modify
protected data as necessary.

If, at 109, the EncProtWord is not the specific value, NvmT-
stDone is checked. If, at 111, NvmTstDone is 1, protected
data is overwritten and an interrupt is generated. If; at 111,
NvmTstDone is not 1, protected data access is unlocked, and
all interfaces have full access to all NVM locations.

If, at 108, the read status is not a success and a single-bit
error has been detected, then, at 113, the EncProtWord can be
refreshed and process can then return to 109. If, at 108, the
read status is not a success and a double-bit error has been
detected, then, NvmTstDone is again checked at 114. If
NvmTstDone is set (equal to 1), then, at 115, protected data is
overwritten and an interrupt is generated. If, at 114, NvmT-
stDone is not set to 1, protected data access is set to unlock.
Process returns to 101 at power-up or reset.

FIGS. 2-3 illustrate generally example lockout word loca-
tions 200, 300 in non-volatile memory 201, 301. FIG. 2
illustrates generally first and second lockout words 202, 204
surrounding protected data 203 to prevent isolated data cor-
ruption. FIG. 3 illustrates generally first and second lockout
words 303, 305 embedded between two or more protected
memory locations 302, 304, 306. In certain examples, once a
lockout word is set, it cannot be changed.

In an example, error correction code (ECC) failure on
lockout words can always lock out external interfaces. If a
first lockout word (or words) is (are) in an unlocked state, a
state machine can clear protected memory if a second lockout
word (or words) is (are) also set. However, if a first lockout
word (or words) is set, external access to sensitive date is
always locked out, even if other lockout words are not set.

FIG. 4 illustrates generally example ring oscillator opera-
tion 400 configured to protect sensitive data. Multiple random
ring oscillators can be enabled to add noise to a power supply
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when sensitive data is in use. At 401, no power is available. At
402, power is available, but protected data is not being used,
and random ring oscillators are disabled. At 403, power is
available and protected data is being used, and random ring
oscillators are enabled.

FIG. 5 illustrates generally example auto-refresh 500 of
NVM locations to prolong the life of saved data, without
allowing external interfaces access to protected memory, auto
refresh of NVM locations, including sensitive data and lock-
out words, when NVM ECC is used but read access did not
fail. At 501, wait for next read access. At 502, NVM read
access occurs. If; at 503, ECC is not used, then process returns
to 501. If, at 503, ECC is used, at 504, the memory location is
recorded. At 505, the memory location is read at next oppor-
tunity. At 506, the memory location is written without
changes and process returns to 501.

FIG. 6 illustrates generally example metal shielding 600 of
communication pathways between non-volatile memory
(NVM) 601 and, for example, digital logic 602 using a metal
shield 603. The metal shield 603 can be used to prevent
probing and manipulation of digital signals. In other
examples, the metal shield 603 can cover one or more other
communication pathways in or out of NVM 601.

FIG. 7 illustrates generally an example computer system
1000 within which a set of instructions, for causing the
machine to perform any one or more of the methodologies
discussed herein, may be executed. In alternative embodi-
ments, the machine operates as a standalone device or may be
connected (e.g., networked) to other machines. In a net-
worked deployment, the machine may operate in the capacity
of a server or a client machine in server-client network envi-
ronment, or as a peer machine in a peer-to-peer (or distrib-
uted) network environment. The machine may be a server
computer, a client computer, a personal computer (PC), a
tablet PC, a set-top box (STB), a Personal Digital Assistant
(PDA), a cellular telephone, a web appliance, a network
router, switch or bridge, or any machine capable of executing
a set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a
single machine is illustrated, the term “machine” shall also be
taken to include any collection of machines that individually
or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

Example computer system 1000 includes a processor 1002
(e.g., a central processing unit (CPU) a graphics processing
unit (GPU) or both), a main memory 1004 and a static
memory 1006, which communicate with each other via a bus
1008. The computer system 1000 may further include a video
display unit 1010 (e.g., a liquid crystal display (LCD) or a
cathode ray tube (CRT)). The computer system 1000 also
includes an alphanumeric input device 1012 (e.g., a key-
board), a cursor control device 1014 (e.g., a mouse), a disk
drive unit 1016, a signal generation device 1018 (e.g., a
speaker) and a network interface device 1020.

Disk drive unit 1016 includes a machine-readable medium
1022 on which is stored one or more sets of instructions (e.g.,
software 1024) embodying any one or more of the method-
ologies or functions described herein. The software 1024 may
also reside, completely or at least partially, within the main
memory 1004, static memory 1006, and/or within the proces-
sor 1002 during execution thereof by the computer system
1000, the main memory 1004, the static memory 1006, and
the processor 1002 also constituting machine-readable
media.

Software 1024 may further be transmitted or received over
a network 1026 via the network interface device 1020.
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While the machine-readable medium 1022 is shown in an
example embodiment to be a single medium, the term
“machine-readable medium” should be taken to include a
single medium or multiple media (e.g., a centralized or dis-
tributed database and/or associated caches and servers) that
store the one or more sets of instructions. The term “machine-
readable medium” shall also be taken to include any medium
that is capable of storing, encoding or carrying a set of instruc-
tions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the
present disclosure. The term “machine-readable medium”
shall accordingly be taken to include, but not be limited to,
solid-state memories, optical and magnetic media, and carrier
wave signals.

Certain embodiments are described herein as including
logic or a number of modules, components or mechanisms. A
module, logic, component or mechanism (herein after collec-
tively referred to as a “module”) may be a tangible unit
capable of performing certain operations and is configured or
arranged in a certain manner. In example embodiments, one
or more computer systems (e.g., a standalone, client or server
computer system) or one or more components of a computer
system (e.g., a processor or a group of processors) may be
configured by software (e.g., an application or application
portion) as a “module” that operates to perform certain opera-
tions as described herein.

In various embodiments, a “module” may be implemented
mechanically or electronically. For example, a module may
comprise dedicated circuitry or logic that is permanently
configured (e.g., within a special-purpose processor) to per-
form certain operations. A module may also comprise pro-
grammable logic or circuitry (e.g., as encompassed within a
general-purpose processor or other programmable processor)
that is temporarily configured by software to perform certain
operations. It will be appreciated that the decision to imple-
ment a module mechanically, in the dedicated and perma-
nently configured circuitry, or in temporarily configured cir-
cuitry (e.g., configured by software) may be driven by cost
and time considerations.

Accordingly, the term “module” should be understood to
encompass a tangible entity, be that an entity that is physically
constructed, permanently configured (e.g., hardwired) or
temporarily configured (e.g., programmed) to operate in a
certain manner and/or to perform certain operations
described herein. Considering embodiments in which mod-
ules or components are temporarily configured (e.g., pro-
grammed), each of the modules or components need not be
configured or instantiated at any one instance in time. For
example, where the modules or components comprise a gen-
eral-purpose processor configured using software, the gen-
eral-purpose processor may be configured as respective dif-
ferent modules at different times. Software may accordingly
configure the processor to constitute a particular module at
one instance of time and to constitute a different module at a
different instance of time.

Modules can provide information to, and receive informa-
tion from, other modules. Accordingly, the described mod-
ules may be regarded as being communicatively coupled.
Where multiple of such modules exist contemporaneously,
communications may be achieved through signal transmis-
sion (e.g., over appropriate circuits and buses) that connect
the modules. In embodiments in which multiple modules are
configured or instantiated at different times, communications
between such modules may be achieved, for example,
through the storage and retrieval of information in memory
structures to which the multiple modules have access. For
example, a one module may perform an operation, and store
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the output of that operation in a memory device to which it is
communicatively coupled. A further module may then, at a
later time, access the memory device to retrieve and process
the stored output. Modules may also initiate communications
with input or output devices, and can operate on a resource
(e.g., a collection of information).

Additional Notes

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration, spe-
cific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.”
Such examples can include elements in addition to those
shown or described. However, the present inventor also con-
templates examples in which only those elements shown or
described are provided. Moreover, the present inventor also
contemplates examples using any combination or permuta-
tion of those elements shown or described (or one or more
aspects thereof), either with respect to a particular example
(or one or more aspects thereof), or with respect to other
examples (or one or more aspects thereof) shown or described
herein.

All publications, patents, and patent documents referred to
in this document are incorporated by reference herein in their
entirety, as though individually incorporated by reference. In
the event of inconsistent usages between this document and
those documents so incorporated by reference, the usage in
the incorporated reference(s) should be considered supple-
mentary to that of this document, for irreconcilable inconsis-
tencies, the usage in this document controls.

In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is used
to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise
indicated. In this document, the terms “including” and “in
which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are
open-ended, that is, a system, device, article, or process that
includes elements in addition to those listed after such a term
in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects.

Method examples described herein can be machine or
computer-implemented at least in part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
electronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a
higher-level language code, or the like. Such code can include
computer readable instructions for performing various meth-
ods. The code may form portions of computer program prod-
ucts. Further, in an example, the code can be tangibly stored
on one or more volatile, non-transitory, or non-volatile tan-
gible computer-readable media, such as during execution or
at other times. Examples of these tangible computer-readable
media can include, but are not limited to, hard disks, remov-
able magnetic disks, removable optical disks (e.g., compact
disks and digital video disks), magnetic cassettes, memory
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cards or sticks, random access memories (RAMs), read only
memories (ROMs), and the like.
The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or
one or more aspects thereof) may be used in combination with
each other. Other embodiments can be used, such as by one of
ordinary skill in the art upon reviewing the above description.
The Abstract is provided to comply with 37 C.E.R. §1.72(b),
to allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Descrip-
tion, various features may be grouped together to streamline
the disclosure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all fea-
tures of a particular disclosed embodiment. Thus, the follow-
ing claims are hereby incorporated into the Detailed Descrip-
tion, with each claim standing on its own as a separate
embodiment, and it is contemplated that such embodiments
can be combined with each other in various combinations or
permutations. The scope of the invention should be deter-
mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled.
What is claimed is:
1. A method, comprising:
protecting locations in non-volatile memory (NVM) using
first and second lockout words, where the location of the
first and second lockout words in the NVM define the
location of the protected NVM, and wherein the protect-
ing locations in NVM include surrounding the protected
NVM with the first and second lockout words; and

enabling a random ring oscillator to add noise to a power
supply when a protected memory location is being
accessed in NVM.
2. The method of claim 1, wherein the first lockout word is
a complement of the second lockout word.
3. The method of claim 1, wherein the protecting locations
in NVM include positioning first and second lockout words
between protected NVM locations.
4. The method of claim 1, including overwriting protected
data if errors are detected.
5. The method of claim 1, including shielding a data path to
or from the NVM using metal.
6. A non-transitory machine-readable medium storing
instructions that, when executed by a machine, cause the
machine to:
prevent read and write access to protected locations in
non-volatile memory (NVM) using first and second
lockout words, where the location of the first and second
lockout words in the NVM define the location of the
protected NVM, wherein the first and second lockout
words surround the protected NVM locations; and

enable a random ring oscillator to add noise to a power
supply when a protected memory location is accessed in
NVM.

7. The non-transitory machine-readable medium of claim
6, wherein the first lockout word is a complement of the
second lockout word.

8. The non-transitory machine-readable medium of claim
6, wherein the first and second lockout words are between
protected NVM locations.

9. A system, comprising:

a non-volatile memory (NVM) module having memory

locations; and

a processor module configured to read one or more

memory locations of the NVM, wherein, if the processor
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reads first and second lockout words, the processor pro-
tects NVM locations defined by the location of the first
and second lockout words in the NVM,

wherein the processor is configured to lock access to a

NVM location if the first and second lockout words 5
surround the memory location, and

wherein the processor is configured to enable a random

ring oscillator to add noise when a protected location is
being accessed in NVM.

10. The system of claim 9, wherein the first lockout word is 10
a complement of the second lockout word.

11. The system of claim 9, wherein the processor is con-
figured to lock access to a plurality of NVM locations if the
first and second lockout words are between occupied memory
locations. 15

12. The system of claim 9, wherein the processor is con-
figured to overwrite protected data if errors are detected.

13. The system of claim 9, including a metal shield con-
figured to shield a data path to or from the NVM.
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